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(54) High electric resistance magnetic film 

(57) ' The present invention provides a magnetic film 
expressed by a composition formula T a M b X c N d O e (T is 
a magnetic metal such as Fe, M is an alkaline earth 
metal such as Be, Mg, and Ca, and X is at least one 
selected from the group consisting of Y, Ti, Zr, Hf, V, Nb, 
Ta and lanthanoid), where a + b + c + d + e = 100 , 45 
* a ^ 85, 5.5 k b ^ 28, 0.5 ^ C s 16, 6 £ b + C ^ 28.5 , 
0.4 < b/c s 56 , 0 ^ d ^ 10, and 8 s d + e s ^40 . The 
magnetic film comprises mainly metal magnetic crystal 
grains having an average' crystal grain diameter of not 
more than 15nm and a grain boundary product The 
grain boundary product substantially separates the 
metal magnetic crystal grains. The main component of 
the metal magnetic crystal grains is the T. The grain 
boundary product contains at least an oxide or a nitride 
of the M and the X. The magnetic film has a saturation 
magnetic flux density of not less than 0.8T and an elec- 
tric resistivity of not less than 80\i n cm. 
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Description 

[0001] The present invention relates to a high resistance magnetic film used in magnetic application components 
such as a magnetic recording head, a magnetic reproduction head, a magnetic sensor including a magnetic impedance 
sensor, a magnetic coil, an inductor, a transformer, and a magnetic shield. 

[0002] In recent years, the need for high frequency magnetic devices is high, and magnetic materials having excel- 
lent soft magnetic characteristic's at a frequency of 100MHz or more are required. A magnetic material used at such a 
high frequency requires a loss mainly due to eddy current and ferromagnetic resonance to be small. In other words, 
from the aspect of material properties, mainly high electrical resistivity or high saturation magnetic flux density are 
required. 

[0003] Conventionally, Japanese Laid-Open Patent Publication No. (Tokkai-Hei) No. 4-21739 proposed a compos- 
ite material obtained by forming an oxide on surfaces of magnetic metal particles and sintering it in order to achieve high 
saturation magnetic flux density of about 1T or more. As the oxide, Japanese Laid-Open Patent Publication No. (Tokkai- 
Hei) No. 6-120020 proposed Mg-O, Ca-O, Si-O,- Al-O, Ti-0 or the like. 

[0004] On the other hand, research as to FeNbCuSiB or the like reported in Japan Metal Association Journal 53 
(1989) 241 shows that the soft magnetic characteristics can be improved by miniaturizing the size of magnetic crystal 
grains constituting a magnetic body to about 20nm or less. Furthermore, Japanese Laid-Open Patent Publication No. 
(Tokkai-Hei) No. 7-86035 proposed a FeM'NO (M' = Be, Mg, Al, Si, Ca, etc.) material formed by sputtering as a material 
having both improved soft magnetic characteristics and high saturation magnetic flux density, which are achieved by 
using the composite material and effecting such a high level of miniaturization. 

[0005] The conventional FeM'NO material proposed in the related art is produced by two-phase separation into Fe 
microcrystals having a bcc crystal structure and a M ; 0 or M'N compound forming the grain boundary thereof by selec- ; 
tive oxidation or selective nitriding of a M* element caused by a difference in the free energy of oxide or nitride formation 
between Fe and M' elements that are forming the film during sputtering. ■ ' , 

[0006] However, sputtering is a technique that degrades a target element to an atomic or molecular level and 
effects synthesis on a substrate. In addition, it is substantially difficult to effect complete two-phase separation of the 
elements only by the energy during sputtering. Therefore, it is inevitable that a Fe microcrystal of the FeM'NO material 
is in the form of a solid solution with an O, N or M' element immediately after the formation of the film. For this reason, 
even if microcrystals having Fe as a main component maintain a bcc structure, the magnetostriction constant of the 
material becomes as large as 1 x TO' 5 or more, or the crystal magnetic anisotropy energy of Fe becomes large. Thus, 
' the soft magnetic characteristics deteriorate. Therefore, in the case where these materials are to be produced for indus- 
trial applications, it is difficult to control the magnetostriction to be low and the soft magnetic characteristics to be high 
in a large area due to even a small discrepancy in the composition or the like. 

[0007] The above described points were made evident as a result of the study of the.inventors of the present inven- 
tion on magnetic films such as FeSiO, FeMgO or the like. 

[0008] The two-phase separation can proceed further by raising the substrate temperature during formation of a 
FeM'NO film or performing a heat treatment after the film is formed.. However, since the temperatures for these heat 
treatments are generally 400°C or more, the soft magnetic characteristics deteriorate due to large crystal grains, or the 
film cannot be used in a device that requires a low temperature process at a temperature lower than that temperature. 
Moreover, in general, it is known that the optimum relationship between the saturation magnetic flux density and the 
electric resistivity is different between magnetic devices, even the same types of devices, depending on the size, the 
frequency used or the like. Nevertheless, conventionally, a method for optimum adjustment of these characteristics is 
not known. 

[0009] Therefore, with the foregoing in mind, it is an object of the present invention to provide a magnetic film that 
has high resistance, low magnetostriction and high soft magnetic characteristics, and is excellent in practical aspects 
such as adjustment of the characteristics. 

[001 0] In order to achieve the above object, the magnetic film of the present invention is' expressed by a composi- 
tion formula T a M b X c N d O e (where a, b, c, d and e represent at.% and are values satisfying the following equations, T is 
(1 ) Fe or (2) a metal comprising not less than 30 at.% of Fe and at least one selected from the group consisting of Co 
and Ni, M is at least one selected from the group consisting of Be, Mg, Ca, Sr and Ba, and X is at least one selected 
from the group consisting of Y, Ti, Zr, Hf, V, Nb, Ta and lanthanoid). The magnetic film comprises mainly metal magnetic 
crystal grains having an average crystal grain diameter of not more than 15nm and a grain boundary product. The main 
component of the metal magnetic crystal grains is the T The grain boundary product contains at least an oxide or a 
nitride of the M and the X. The magnetic film has a saturation magnetic flux density of not less than 0.8T and an electric 
resistivity of not less than 80u O cm. 

a + b + c + d + e = 100 
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45^a*85, 
5.5£b528, 
0 5SCS16, 
6^b + C^28.5, 
04 <b/c=i 56, 
0sd^10 and 
8=id + e*40. 



[0011] Unthanoidspe^ 

able that the grain boundary product substantially ^^^^^^Z^ more than 70 atomic 
••main component" means a component included " ^S^SSi *. Kr, Xe or the like 

0013] ' MandXarerelativelyhardtolormaso^ 

a smaller free energy for oxide or a 1 is produced in 

oxide formation, and an X element tends to ^^^SSnTn the metal magnetic crystal grains is present 
the above composition range, since M or X that forms ; a ^somo ■ anisotrbpy energy due to the solid 

only in a small amount an increas of ^^^^^^CTx "™ an °* ide ° r * de S ° 
solution of the elements is relatively small in the ^^^1^',^^,^ having a high resistance, 
as to suppress W-n growth mainly of magnetic J, 9 ™ Jni^en are se.ected as 

[0014] In this case/in the ^J^^^^ ^Z coating 71 of magnetic crystal grains can 

SoT 9 ^ 

form of a stable compound for industrial handing. than Ca alone, 

in the form of CaO for handling, more preferably an ox.de of M ^ such as car «, or 3 
[00 1 6] For example, the inventors of the presem inven JJ^^jS^Jir than that defined by 
CaTi0 3 were sputtered in an Ar atmosphere, ^W^*^^™ magn etostricti6n can increase. How- 
the stoichiometric ratio. This excessive O forms a sold ^M on wrt^ 

ever, excessive formation of solid solution with Fe can "^^^^gS Scale not only tor Ca. but is a 
the magnetostriction can be reduced It also ^^^^^tSSS^S^ °f the magnetic film can 

X? " °T^^« thVamount of T is 45% in order to maRe sure that the saturation magnetic flux density is 
[0017] The lower iimn or y e sufficient M X O and N for miniaturization of T. 

saturation magnetic flux density sufficiently high. _ ^ Furtnermore , 

[0019] The amours M is 5.5%orr^^^ 

the ratio of M to X is in the range from 0.4 to 56, so that the esist.v.ty ca g M _ 

promising the soft magnetic character's. This * b s el ;^ 

[00201 The amount of O and N is at least 8 k 1 mane ^ @ ^ ^ ^ res , stance 

cm or more. The N element allows ?° ^^^^^^^^ ^^^^^grt. Furthermore, when the total amount of O 

reading and understanding the following detailed ; d«TptoJ a ^ the magnetic film has a composition 

[00221 in the magnetic film o 

expressed by a composition formula Fe a Mg b X c N d O e (wnere a, d. c. u a ^ 
the following equations), and X is the same as above: 



50 

[0021] 



a+b+c+d+e= 100, 



3 



EP 1 020 878 A1 



50*a^85, 
5.5=^25.5, 
0.5SCS11, 
6=§b + c^26, 
5 isb/c*51 f 
0£d§10, and 
8^d + e^35. 

[0023] This preferable embodiment can provide a magnetic film having a particularly high resistivity, soft magnetic 

w characteristics, and a high saturation magnetic flux density (1T or more). 

[0024] It is relatively hard to form a solid solution of Mg with Fe or an intermetallic compound of Mg with Fe. There- 
fore, the increase of magnetostriction and crystal magnetic anisotropy energy caused by the solid solution with Fe is 
small, and the phase separation not only between Fe and Mg-0 or Mg-N, but also of Fe and Mg itself can achieve the 
miniaturization of Fe crystal even with a relatively small total amount of non-magnetic elements added. As a result, both 

15 the high saturation magnetic flux density and the soft magnetic characteristics can be achieved. 

[0025] Furthermore, Mg and X form an oxide or a nitride so as to suppress grain growth, mainly of magnetic crystal 
grains, and form a grain boundary having a high resistivity. In particular, when Mg is combined with X, which has a dif- 
ferent free energy for oxide or nitride formation or a different diffusion rate in a -Fe from that of Mg, the amount of O or 
excessive N dissolved in Fe can be controlled so as to adjust the magnetostriction. 

20 [0026] The lower limit of the amount of Fe is preferably 50% for large saturation magnetic flux density. The upper 
limit is 85% to provide sufficient M, X, O and N for miniaturization of Fe and high resistance of the film. 
[0027] .The total amount of Mg and X is at least 6% for miniaturization of Fe and high resistance of the film. The 
amount of X is 0.5% or more to, ensure the effect 

[0028] Furthermore, the amount of Mg is not less than that of X, so that the resistivity can be controlled, in a wide 
25 range. The amount of O and N is at least 8% to make sure that the electric resistivity (specific resistance) is 80^i n cm 
or more. The N element allows control of the electric resistivity in a wide range, because it has a smaller resistance 
increasing ratio with respect to the amount added than that of the .O element. Furthermore, the total amount of O and 
N preferably is 35% or less in view of the saturation magnetic flux density. 

[0029] , It is preferable that . the magnetic film is expressed by a composition formula in which 
30 e + q x d ^ (b + c x n) x 1 .35 (where b, c, d, and e are the same as above, n is a value in the range of 1 -2.5 defined by 
an oxide XO n where X is at its maximum valence, q is a weighted average of a total amount of a M element and a X 
element obtained by weighting with the following values: 2.5 for V, Nb and Ta, 2 for Ti, Zr, Hf, Ce, Pr and Tb, and 1 .5 for 
other elements) is satisfied. . 

[0030] This preferable embodiment can achieve both low magnetostriction and high resistance. 
35 [0031] In the above equation, b should be thought of as b x 1 for purposes of accuracy This is based on the ratio of 
M to O in an oxide MO with the maximum valence (specifically, at least one selected from the group consisting of BeO, 
MgO, CaO, SrO, and BaO). 

[0032] In the above equation, when d = 0 (no nitrogen is contained in the magnetic film), e =s (b + c x nj x 1 .35. 
[0033] On the other hand, with respect to an oxide with the maximum valence of X, the ratio to oxygen varies 
40 depending on X. Therefore, n also varies depending on X. For example, as in the case of q described above, when X 
is Y, La or the like, n is 1 .5, and n is 2 for Ti, Zr, Hf or the like, and n is 2.5 for V, Nb or Ta. 

[0034] When X contains 2 or more kinds of elements, n is an atom weighted average (an average obtained as a 
result of weighting based on atom %). 

[0035] When e + qxd exceeds (b + c x n) x 1 .35, the magnetostriction tends to be large. 

45 [0036] It is more preferable that a subscript e is in the range (b + c x n). x 0.9 s e + q x d £ (b + c x n) x 1 .1 . Both 
low magnetostriction and high resistance, and soft magnetic characteristics and high saturation magnetic flux density, 
can be achieved further Here, when d =0, the above equation is (b + c x n) x 0.9 s» e s (b + c x n) x 1 . 1 . 
[0037] In the magnetic film of the present invention, it is preferable that X is at least one selected from the group 
consisting of Zr, Nb, Hf and Ta, because the addition reduces the magnetostriction significantly. The content thereof is 

so more preferably in the range 0.5 £ c s 5, when a particular focus is on the saturation magnetic flux density. 

[0038] Furthermore, in the magnetic film, not more than 5% of T can be substituted with at least one selected from 
the group consisting of Ru, Rh, Ir, Pd, Pt, Ag and Au. In particular, a magnetic film having a saturation magnetic flux 
density of 1 4T or more can have a high corrosion resistance. It is preferable that the amount of the substitution is 0.5% 
or more in order to improve the corrosion resistance. On the other hand, it is preferable that the amount of the substitu- 

55 tion is 5% or less in order to suppress the reduction of the saturation magnetic flux density. 

[0039] Furthermore, it is preferable that the magnetic film of the present invention includes a region where the com-, 
position is changed with respect to at least the M element substantially periodically in a direction perpendicular to the 
film, because the soft magnetic characteristics together with high saturation magnetic flux density can be achieved eas- 
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ily. 

[0040] In the magnetic film of the present invention, it is preferable that the cycle of the compositional change in the 
direction perpendicular to the film is not more than 10nm, because the film can be provided with higher soft magnetic 
characteristics. : 

s [0041 ] It is preferable to produce the magnetic film of the present invention by supplying M and O to the magnetic 
film mainly by sputtering an oxide of the M, because the magnetic crystal grains can be miniaturized with a smaller 
amount of M and O added. 

[0042] It is preferable to produce the magnetic film of the present invention by sputtering a composite target where 
a metal and a compound are arranged, while moving a substrate in at least two directions relative to the composite tar- 
io get, thereby forming the film on the substrate, because a film having a uniform composition can be produced even in a 
relatively large area. • 

[0043] Furthermore, it is preferable to produce the magnetic film of the present invention by sputtering a composite 
target where a metal and a compound are arranged in the same electrode or sputtering a metal target and a compound 
target on at least two electrodes, while applying a bias voltage to a substrate, thereby forming the film on the substrate, 

is because it becomes to easy to control mainly the amount of 0 or N in the magnetic film to a preferable range. 

[0044] Furthermore, the magnetic film of the present invention is provided with more excellent soft magnetic char- 
acteristics by performing a heat treatment at a temperature not more than 350°C after the film is formed. 
[0045] ' The magnetic thin film having the structure and composition of the present invention is best formed by an 
evaporation method in a low gas pressure atmosphere. Among evaporation methods preferable are typical sputtering 

20 techniques such as high frequency magnetron sputtering, DC sputtering, facing target sputtering and ion beam sputter- 
ing, a reactive sputtering technique in which a reactive gas introduction section is provided in the vicinity of a substrate, 
or a reactive evaporation method in which a reactive gas introduction section is provided in the vicinity of a substrate 
and a dissolution section for dissolving an evaporation material is provided. 

[0046] In the case where a sputtering technique is used, especially when an oxide or a nitride is used as a supply 
25 source of an oxygen or nitrogen element, the following sputtering techniques are preferable. A first preferable sputtering 
technique uses a composite target where a metal or alloy, an oxide, a nitride and an element to be added such as a 
metal element are arranged as appropriate on the same electrode. Their compositions are determined based on the 
composition of the magnetic fjlm of the present invention after the film is formed. Another preferable technique is co- 
sputtering in which targets of a metal, an alloy, an oxide or a nitride are arranged in a plurality of electrodes and dis- 
30 charge is effected at the same time, so that elements are supplied onto a substrate at the same time. Another preferable 
technique is tandem sputtering in which a substrate moves sequentially immediately above targets of a metal, an alloy, 
an oxide or a nitride arranged on a plurality of electrodes. 

[0047] When the composite target is used, it is preferable to form a film while moving the substrate itself in at least 
two directions in order not to be affected by the film composition distribution in the substrate corresponding to the places 
35 where additive pellets are arranged. This is preferable also in co-sputtering and tandem sputtering for an uniform com- 
position. 

[0048] Furthermore, when tandem sputtering is performed, a preferable structure for compositional change can be 
formed by adjusting the rate for film-formation from each target and the residence time or the travel time of the substrate 
above each target. Similarly, such compositional change can be achieved by changing an incident angle onto the tar- 
40 gets periodically, or introducing a reactive gas periodically during sputtering. In all of these methods, uniaxial anisotropy 
can be formed on the magnetic film by forming the film while applying a magnetic field to the substrate in one direction 
or performing a heat treatment at about 350°C or less while applying a magnetic field in one direction. 

Examples 

45 

[0049] Hereinafter, the present invention will be described by way of examples, which are not limiting. 
[0050] In the following examples, magnetic films were produced using RF magnetron sputtering. The substrate 
temperature as described in the following description has a range from room temperature to about 1 00°C. This is a nat- 
ural temperature increase caused by the energy during formation of the films, and preferable magnetic thin films of the 
so examples of the present invention can be produced at a temperature of 300°C or less. The film structure was observed 
with X-ray diffraction (XRD) and a transmission electron microscope (TEM). The composition was analyzed with elec- 
tron probe microanalysis (EPMA), and the coercive force was evaluated with a BH loop tracer. The saturation magnetic 
flux density was examined by vibration sample magnetometry (VSM). 

55 Examp le 1 

[0051] The results of the examination of Fe a Mg b X c N d O e films are shown below. The conditions under which the 
films were formed were as follows: 
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Substrate: non-magnetic ceramic substrate, a Si substrate or a C substrate (the Si substrate and the C substrate 
were used for analysis of the composition) 
Substrate temperature: room temperature ■ 1 00°C 

Target: a 5 x 5mm Si0 2 or MgO chip or Mg 3 N 2 chip and a 5 x 5mm metal element chip were arranged on a 3 inch 
5 Fe target in such a manner that the compositions in Table 1 below can be achieved. 
Target size: 3 inch 
Discharge gas pressure: 8 mTorr 
Discharge power: 200W 
Sputtering gas: Ar 

10 

[0052] Tables 1 and 2 show the magnetic characteristics and the compositions of magnetic films after a heat treat- 
ment at 250°C was performed in a vacuum. The thickness of all the magnetic films was turn. 



Table 1 



Sample 


Composition of Magnetic 
films (at.%) 


Coercive force (Oe) 


Magnetostriction {x 10" 5 ) 


Resistivity (\i n cm) 


aa 


Fe64Siio026. 


3.2 


1.3 


250 


ab 


Fe 64 Mg 15 0 21 . 


1.2 


1.0 


.150 v 


ac 


Fe^Mg^ShOai 


1.7 


1.1 


170 


ad 


F e 6 oMg 16 Si 2 022 


1.9 


1.2. 


240 


ae 


Fe 62 Mg 16 AI 2 O 20 


1.6 


1.0 


190 


af 


Fe 62 Mg 16 Ti 1 0 2 i r . . 


12 


0.7 


180 


ag 


Fe 61 Mg 16 Ti 2 02i 


1.1 


0.6 


190 


ah 


Fe 6 2Mg 16 v 1 0 21 


1.1 


0.6 


180 


ai 


Fe 61 Mg 16 V 2 0 21 


.1.3 


0.5 


210 


as 


F e63.5 M 9l5 2r 0.5O 2 1 


0.9 


0.6 


160 


ak 


Fe 6 2.5Mg 1 5Zr 1 .50 21 . , 


0.9 


0.3 


200 


al 


Fe 6 2.5Mg 16 Nb 0 .5O 2 i 


0.6 


0.7 


160 


am 


Fe 6 o.5Mg 16 Nb 2 .502i 


0.7 


0.4 


200 


an 


Fe6i.5MgieHf1.5O2-., 


0.9 


. 0.3 


190 


ao 


Fe 60.5 M 9l6 H f2.5O21 


0.9 t 


0.2, 


210 


ap 


Feei.5Mgi6Tai.5O21 


1.0 


■0.4 


.190 


aq 


Fe 6 o.5Mg 16 Ta 25 02 1 


1.0 


0.4 


210 




Table 2 



Sample 


Composition of Magnetic 
films (at.%) 


Magnetostriction (x 10' 5 ) 


ar 


Fee4.9Mg13Hf1.1O21 


0.6 


as 


Fe65.0Mg13Hf1.0O21 • 


0.6 


at 


Fe65.iMgi 3 Hfo. 9 0 21 


0.6 


au 


Fe 6 4.9Mgi 2 Hf 1 . 1 0 2 2 


0.6 


av 


Fee3.6Mg13Hf2.4O21 


0.5 
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Table 2 (continued) 



Sample 


Composition of Magnetic 
films (at.%) 


Magnetostriction (x 1 0" 5 ) 


aw . 


F e 6 3.7 M 9l3 Hf 2.3°21 


0.5 


ax 


F r e 6 5.3Mgi3Hf 1 .70 2 o 


0.5 


- ay 


Fe 65 .2Mg 13 Hf 1 . 8 02o 


0.5 



w [0053] As shown in Tables 1 and 2, an element is added to FeMgO based materials. When Si or Al, which has a 
high property of forming a solid solution with Fe, is added, the magnetostriction is not reduced (samples aa to ae). As 
shown in samples af to aq, when an element that hardly forms a solid solution with Fe is added, even an amount of 
0.5% reduces the magnetostriction and raises the resistivity. 

[0054] : _ . In addition, when.an effect of adding lanthanoid, which hardly forms a solid solution with Fe.'was examined 
75 in the same manner, the same effect was observed. Particularly, the effect of Zr, Nb, Hf or Ta on the reduction of the 
magnetostriction was significant. " 

[0055] ; The saturation magnetic flux density of all magnetic films of sample af to ay was 1T or more, and the aver- 
age crystal grain diameter of magnetic crystal grains obtained with X-ray diffraction was 15nm or less. TEM observation 
of sample am produced the following results'. The microparticles of a -Fe were substantially covered with a grain bound- 
so ary product and have a composite structure in which the microparticles were separated from each other. The grain 
boundary product had a low crystallinity so as to be regarded as being amorphous. The composition of the grain bound- 
ary product contained I at least an oxide of Mg and Nb. -v , 
[0056] , Next, various compositions were examined regarding the magnetic characteristics, using Ar gas or a mixed 
gas containing Ar gas and an appropriate amount of 0 2 or N 2 as the sputtering gas. 
25 [0057] Table 3 shows the magnetic characteristics and the compositions of magnetic films after a heat treatment at 
250°C was performed in a vacuum. The thickness of all the magnetic films was 1 jum. 

[0058] In Table.3. samples for which there is no description as to an insufficient property had a coercive force of 2 
Oe or less, an electric resistivity of 80u n cm or more, a saturation magnetic flux density of 1 T or more, and a magne- 
tostriction constant of 0.7 x 10" 5 or less. The property that is not satisfied is shown in Table 3 as an insufficient property. - 
30 [0059] , In Table 3, a, b, c, d, e, and n are the same as described above. 
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Table 3 . 



Sample 


Composition of magnetic 

film 
Turn 


Insufficient property 




(b+c) 


(b/c) 


(d + e) 


03 


re 9 o(vig 5 v 0 5U4 5 


coercive lorce 


r\ "70 

0. 72 


5.5 


10 


4.5 


DO 




rnayneiostriciion 


2.0 


4.5 


8 


10,5 


DC 


res5Mg 5 vq sVq s 


magnetostriction 


1.52 


5.5 


10 


9.5 


DO 


pe 8 5Mg 6 L>9 


magnetostriction 


1.5 


6 




9 


DQ 


re85 M 95.5 Ta 0.5^9 ' 




1.33 


6 


11 


9 


Dt 


r™ _ . i_ix r\ 

FessMgyHf-jOy 


coercive force 


0.74 


8 


7 


7 




FeesMgeHf-jOs , 




0.94 


7 


6 


8 


bh 


FegsMgsTao.sOss 




1.17 


6.5 


12 


8.5 


bt 


Fe 7 5Mg 9 Nb 2 0 14 , 




1 


11 


4.5 


14 


bj 


Fe 7 5Mg 9 Zr 2 O u 




1.08 


11 


4.5 


14 


bk 


Fe75 M 99La 2 0 14 , 




1.17 


11 


.4.5 


14 


bl 


Fe 70 Mg 12 O 18 


magnetostriction - « • 


1.5 . 


12- 




' 18 - 


bm 


Fe 7 oMg 10 Ta 2 0 18 




1.2 ^ 


12 


/5 


: 18 


. bn 


Fe 70 Mg 10 Hf 2 O 18 


*. . . - ■■ 


.1.29 


12 


5 . 


: 18 


bo 


Fe/oMgioZraO^ r 




1.06 


13 


3.3 


17. 


bp. 


Fe 7 oMg 11 Zr 3 N 3 0 1 3 




1.05 


,13 


3.3 


17 


bq 


FeyoMg^ZraN^Oe 




1.3 


13 


3.3 


17 


br 


Fe 7 oMg 1l Zr 3 N 1 204 


coercive force 


1.37 


13 


3.3 


17 


bs 


Fe 7 oMg 13 Yi0 16 




1.1 


14 


13 


16 


bt 


Fe 55 Mg 5 Nb 1 0 1 9 




1.09 


16 


15 


19 


bu 


FE 65 Mg 13 Hf 2 02o 




1.18 


15 


6.5 


20 


bv 


FegoMg^YnOgs 




1.02 


22 


1 


28 


bw 


Fe 5 oMg 12 Y 12 0 26 




0.87 


24 


1 


26 


ox 


re50 M 922 La 3 u 25 




0.94 


25 


7.3 


25 


by 


Fe 5 oMg 25 5 Ti 0 .5O 2 4 




0.91 


26 


51 


24 


bz 


Fe50 M g26Tio.50 2 3.5 


coercive force 


0.87 


26.5 


52 


23.5 


ca 


Fe 5 oMg 75 Nb 7 .50 35 




1.33 


15 


1 


35 


cb 


Fe 50 Mg 7 5 Mb 6 5 0 36 


magnetostriction 


1.52 


14 


1.2 


36 


cc 


Fe 50 Mg 7 Hf 8 O 35 


magnetostriction 


1.52 


15 


0.88 


35 


cd 


Fe 4 5Mg 1 oTa 1 o0 3 5 


saturation magnetic flux density 


1.0 


20 


1 


35 



50 Note: 

Q* is (e + q x d)/(b + c x n) 



[0060] Table 3 indicates that in the case where the magnetic film is expressed by a composition formula Fe a Mg b X- 
c N d O e (where subscripts a, b, c ( d and e represent at.%, and X is at least one selected from the group consisting of Y, 
55 Ti, Zr, Hf, V, Nb, Ta and lanthanoid). soft magnetic characteristics with high resistance and high saturation magnetic flux 
density can be obtained when the following equations are satisf ied: a + b + c + d + e =1 00 , 50 ^ a ^ 85, 5.5 ^ b ^ 25.5, 
05=ic=Mi ( 6;ib + c^26, 1^ b/c =1 51 , 0 * d * 10,and 8 si d + e ^ 35 . 

[0061] X-ray diffraction and TEM observation revealed that these magnetic films are constituted substantially by 
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70 



15 



20 



25 



[00 62] Atthe same time, when e.qxd^b.^n)^ ^ ^ ^ ^ magnetic charactensll cs with a 

. th tleast 

i When sample bv was compared wrth sample ,b». sample ^ up fe ^ at , st 

K When Fe in the *™P le ^^ the corrosion resistance improved wrthout sir 10 " 

one selected from the group consisting of 

Tagnetic characteristics we^^ 

^67] Italsowascorftmedthatthemagnetfc^ 

sTooy when the films were formed in an uniaxial magnetic ^gnetic films are applied to a 

nSSatatemperaturefromtSO^ 

device in which «mP^^^.^^^S^ at a high frequency of UOMHz or more . 
reduced eddy current loss or resonance loss car be acnie ^ ^ g ^ was used However it 

0068] '• in the above example, a composite target where a ^ P jng technique in which for 

^confirmed that the same magnetic films ^can be produc Vf**^ ^ above example . sputtering , w* > per- 
example a FeMgX sintered target is sputtered in a rnixed gas ol ^ ^ ^ for comp ^ t , ons , the 

formed While Jsubstrate was fixed Uelativ^o sucn as m agnetostriction improved turner V 

uniformity of the composition , mprcved an* ihe ^^J^ * exarnp , e , rotating the substrate posrtion relate to 



can be controlled. 

" 1P M vNO filmsareshownbelow.Theconditionsunderwhichthe 
[0070] Next^eresultsoftheexaminationofFe^W^ilmsaresno 

films were formed were as follows. . , • ((ha mmn 0 - 

Target size: 3 inch 

Discharge gas pressure: 8 mTorr . ■ ; 
Discharge power: 200W 
so > Sputtering gas: Ar or Ar+0 2 

tostriction constant of 0.7 x 10 or less, me pruy 
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45 
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Table 4 
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55 



- Note: 
Q* is (e + qxd)/(b + cxn) 

[0 073, . ™e4indicat*^ 

N d O e where subscripts a, b, c, d and e represent at % N hsrttej :** ? «JW ™?a anTlanthanoid), soft mag- 
Ca, Sr and Ba, X is at least one selected from the J S^iScte density can be obtained when the 

netic characteristics together with h,gh reactance and h.gh saturaton 05 s c s 16, 6 * b + c s 28.5 , 
following equations are satisfied: a + b + c + d + e = 100, 45=a=85, 5.5- b- a. 

100751 , r e r: S« «* a »™ aertsK5 w * a ^ 

particular, when (b + c x n) x 0.9 = e + q x a _vu T V, ; 

restriction constant of 0.5 x 10" 5 or less were obtain ed_ ^ .„ substjtuted up t0 5% with at least 

[0076] When ^ Jn the samp^s expre^ 

ELJSZ l^^^^^ - ~ can * 

obtained in the same composition ranges as above. iemDer ature However, it also was confirmed 
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*v km nr a hpat treatment was performed in an uniaxiial mag- 
sotropy, when thefilms were formed in an uniaxial rmgne -c .M or a ^ m P agnetic films are applied to a 

ne «cf!e.d at a temperature ; from 150«C ■«^;£%Z2iZ£<t hard magnetization, high properties with 
device in which magnetization .s at a high frequency of 100MHz or more, 

reduced eddy current loss or resonance loss can be achieved a y useC |. However, it 

10081] in the above example, a f^»*Z££ J Sputtering in which for! e^nple, 

was cor#med that the same magn^ 
aFeMgX sintered target is sputtered^ 

the substrate was f ixed relative to the ' "^^^ Mh< * by to ™ m *" 

the composition improved and ^magnetic cha ractorti J^^* B , he substrate p0S ifon relative to the corn- 
films on a substrate moving to at ^ . 
posite target/or translating the substrate relative to the target nonmra iy gnd a compound are 

Vm Furthermore, in the sputtering technique using a metal target 

Lppropriatelyarranged on thesame electrode^ 

a P nS a compound target on at least two dM MToM *£en ^ n amounl o1 0 in the f ilm can be 

. can be controlled. . \ ...t r . 7 " 

Exam ple 3 . ' ' 

tion) : ■ • " ' "" • 
Substrate temperature: water cooling _ and a 4 inch Mg targe t. 

Target- a composite target where a 5 x 5mm Hf chip placed 

the Mg target 

laver - on oMhemaonetic films was substantially Fe 615 M9i6Hfi. 5 0 2 i- For compar- 

[0085] The overall film composition of all of *e wenc turns ^ ^ nQ cyde (| e m 

L. using MgO chip and a Hf characteristics and the composes 

was 1 |im. , 
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Table 5 



' 45 
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Sample 


Cycle length 


Coercive force 


Magnetostriction I Resistivity 


ea 


1000 


0.9 


0.3 




eb 


100 


10 


-1.0 


100 


ec 


50 


1.5 


-0.5 


80 


ed 


10 


0.6 


-0.1 . 


190 


ee 


5 


0.8 . 


. 0.1 


180 


ef 


0.5 


0.9 


0.3 


200 



11 
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10 



obtained. When these films were •^J^^^SS^ sample ea. but for samples ee and 
Auger depth profile, the results were that sampte JSXi the magnetic film can have excellent soft 

3™ and the cycle of the compositional change was lOnm or less _ ^ ^ ^ , 

[0087] . . in the above example, V^V^S 

other experiments showed that sMar structures and ^.^^J^JSJJ. sin1ere d target with an Ar gas. 
5,, in which an oxygen gas is ™**?»^^ inthe above composition 

Ses, ra^r^r^^^ - - ^ ^ "T T 

present invention. 



Claims 
1. 



values satisfying the following equations, T a ,£) Fe « (2) a mera P a ^ consjstjng of 

20 thanoid), ...... . ? ., ; ,v 

ofnotm».IMn15nm«nda!|rainb<,»xl»irprodim, . . h _ 

less than 80)i n cm: 

a + b + c + d + e = 100 



30 



35 



45^ a ^ 85, 
5.5 ^ b s 28, 

05 =ic =s 16, 

6 ^ b + c ^ 28.5, 
0.4 <b/c ^ 56, 

0 ^ d ^ 10, and 
8 * d + e * 40. 



40 b*cNdO e ( wnere a ' - ' u <T 

ration magnetic flux density of not less than 1 T: 



a + b + c + d + e = 100, 



45 50^ a ^ 85, 

5.5 ^ b ^ 25.5, 
0.5=ic*11, 
6Sb + c.s26, 
1 s b/c ^ 51 , 

so o^d^10, and 

8 ^ d + e ^ 35 . 



55 



1 «r 9 ovnressed bv a composition formula in 
and Th, and 1.5 for other elements) is satisfied. 
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5 ing of Zr, Nb, Hf and Ta. 

by sputtering an oxide of the M. 
20 thereby forming the film on the substrate. 

25 12 .The m a g neticfi.maccordin g toanyon e o1clai m s9to11.^ 

ture not more than 350°C after the film is formed. 
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